Figure S1 (K) Number of unique mRNA molecules (RNA spike-ins and repeats excluded) sequenced from every cell of the initial dataset. Cells were ordered according to number of unique mRNA molecules from highest (38,000 unique molecules) to lowest and cells with less than 2,000 unique molecules were excluded (leaving 1,422 cells in the final dataset). Inset: histogram of cells according to mRNA yield. Red lines represent the average number of unique mRNA molecules over all cells. (L) Efficiency of RNA spike-in detection. For each ERCC spike-in species, the number of molecules added to the reaction is plotted against the average number of molecules detected over all 1,422 cells included in the dataset. The diagonal lines demarcate the efficiency boundaries. Inset: histogram aggregating the detection efficiency of each ERCC spike-in species. Red line: median value. (M) RNA spike-in detection limit. For each ERCC spike-in species, the number of molecules added to the reaction is plotted against the fraction of cells in the dataset in which the molecule was detected at least once. The red line represents a logistic curve fitted to the data. The dotted line marks the inferred minimal number of spike-in molecules necessary for detection in 50% of cases. (N) Uniformity of single-cell cDNA synthesis reaction environment. All cells included in the dataset (ordered based on 1 st level clustering) were correlated according to their ERCC spike-in data. (A) Selection of genes with high variance for unsupervised clustering using a negative binomial noise model. Scatter represents average number of transcripts (log 2 ) versus coefficient of variation (CV; log 2 ) for all genes with average number of transcripts > 0.05 and at least five highly correlated neighbors (7,123 genes). The red line denotes the expected CV as a function of transcript mean according to our fitted noise model log 2 (CV) = log 2 (mean alpha + k) with alpha = -0.52 and k = 0.63. The 2,500 genes with the largest difference between expected and observed CV are colored in green and were used for 1 st level clustering.
(B-C) Unsupervised clustering of cells (B) and genes (C). Pearson correlation of cells or genes was used as input for clustering with affinity propagation (AP) and Ward's linkage was subsequently used to define in-cluster order (see STAR Methods). Ordered Pearson correlation matrices of 1,422 cells (B) and 2,500 genes (C) with different color scale cut-offs (right panels) are shown. Group membership for cells in (B) is marked in left-and bottom-panels.
(D) Heatmap showing the expression of 2,500 genes (rows) in 1,422 single cells (columns). Cells and genes are clustered as in (B) and (C), respectively. Group membership of cells is color-coded in the bottom panel and explained in Figure 1C . The four top panels show cell-specific metadata: number of unique mRNA molecules and size of every cell are visualized in the first and second panel while telogen stage and SCA-1 expression are categorized in the third and fourth panel.
(E) Robustness of 1 st level clustering was evaluated by resampling (100 iterations) of the dataset and randomly excluding 25% of all cells per iteration. Each subset was reclustered, and the percentage of cells from each cell population that were assigned to the same group was determined (blue dots). The red dots represent the percentage of cells from each group that end up together by pure chance after permutation of cell labels. The black lines show the group means. (F) Comparison of affinity propagation (AP) clustering and unsupervised clustering with backSPIN. Shown is the relative distribution of cells within each AP cluster over all clusters defined by backSPIN. (G) Identification of genes that are most highly expressed over Baseline in each population based on negative binomial regression of 1 st level clustering data. For each population, the ten genes whose population-specific expression coefficient exceeds the Baseline coefficient with 99.9% posterior probability and who show the largest gap to the Baseline (difference between the 25 th percentile of the population-specific coefficient and the 75 th percentile of the Baseline) are reported. The gray and colored violin plots show the posterior probability distribution of the Baseline and population-specific coefficients respectively (scale in molecules). (H) Identification of genes that are most highly uniquely expressed in each population based on negative binomial regression of 1 st level clustering data. For each population, the ten genes whose population-specific expression coefficient exceeds the Baseline and all other populations-specific coefficients with 99.9% posterior probability and who show the largest gap to the second highest coefficient (difference between the 25 th percentile of the population-specific coefficient and the 75 th percentile of the second highest coefficient) are reported. The gray and colored violin plots show the posterior probability distribution of the second highest and population-specific coefficients respectively (scale in molecules).
(I) Barplots showing the absolute expression of selected marker genes in each cell. Cells are ordered into groups according to the clustering in (D). Group membership is color-coded in the upper panel and explained in Figure 1C . Figures 2F-2G . The four top panels show cell-specific metadata: number of unique mRNA molecules and size of every cell are visualized in the first and second panel while telogen stage and SCA-1 expression are categorized in the third and fourth panel. (C-F) Identification of genes that are most highly expressed over Baseline and most highly uniquely expressed in each IFE basal (C), upper HF (D), outer bulge (E) and inner bulge (F) subpopulation based on negative binomial regression of 2 nd level clustering data. Left panels: for each subpopulation, the ten genes whose population-specific expression coefficient exceeds the Baseline coefficient with 95% posterior probability and who show the largest gap to the Baseline (difference between the 25 th percentile of the population-specific coefficient and the 75 th percentile of the Baseline) are reported. The gray and colored violin plots show the posterior probability distribution of the Baseline and population-specific coefficients respectively (scale in molecules). Right panels: for each subpopulation, the ten genes whose subpopulation-specific expression coefficient exceeds the Baseline and all other subpopulations-specific coefficients (limited to either the subpopulations of the IFE basal, uHF, OB or IB) with 95% posterior probability and who show the largest gap to the second highest coefficient (difference between the 25 th percentile of the subpopulation-specific coefficient and the 75 th percentile of the second highest coefficient) are reported. The gray and colored violin plots show the posterior probability distribution of the second highest and subpopulation-specific coefficients respectively (scale in molecules). Figure 2G . Arrowheads highlight the positions of the populations. uHF IV (empty arrowhead) / uHF V (filled arrowhead). OB II (arrowhead marks Lgr5(dim) cells in Lgr5-EGFP-Ires-CreERT2 mice using anti-EGFP staining). HS, hair shaft. SG, sebaceous gland. CH, club hair. Scale bars, 10µm.
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Vdr, Nfatc1,Tcf12, Hopx, Mitf, Nfib, Nfat5, Sox9, Tfap2b, Nr3c1, Id4, Bnc2, Mllt4, Foxp1, Casz1, Lrrfip1, Mxi1, (D) Identification of the top ten genes that were most highly expressed over Baseline in each stem cell population based on negative binomial regression. For each population, the ten genes whose population-specific expression coefficient exceeds the Baseline coefficient with 95% posterior probability and which show the largest gap to the Baseline (difference between the 25 th percentile of the population-specific coefficient and the 75 th percentile of the Baseline) are reported. The gray and colored violin plots show the posterior probability distribution of the Baseline and population-specific coefficients, respectively (scale in molecules). (E) Identification of genes that are most highly and uniquely expressed in each stem cell population based on negative binomial regression. For each population, the ten genes whose population-specific expression coefficient exceeds the Baseline and all other populations-specific coefficients with 95% posterior probability and that show the largest gap to the second highest coefficient (difference between the 25 th percentile of the population-specific coefficient and the 75 (K) Pseudotime-vs. pseudospace-dependency of stem cell-specific genes. Plotted is the difference between the -log 10 transformed p-value of pseudotime-and pseudospace-dependency. "Stem cell population associated genes" include all genes, which are expressed over Baseline in at least one stem/progenitor population. "Genes linked to SCM+ or SCM-cells" are the 44 genes that are expressed differently between SCM+ and SCM-cells as specified in Figures 6G and S7G -S7I . The black lines denote the median. Lists of genes that are most highly expressed over Baseline (vs. Baseline, left column) or the second highest population (vs. other groups, right column). Identification of genes is based on negative binomial regression of 1 st level clustering data. For each population, genes whose population-specific expression coefficient exceeded the Baseline coefficient (left column) or all other populations-specific coefficients (right column) with 99.9% posterior probability and which show the largest gap to the Baseline / the second highest population (difference between the 25 th percentile of the populationspecific coefficient and the 75 th percentile of the Baseline / the second highest population) are listed.
SUPPLEMENTAL TABLES
(Supplied as Excel file: Joost Table S1 .xlsx) Lists of genes that are most highly expressed over Baseline (vs. Baseline, left column) or the second highest population (vs. other groups, right column). Identification of genes is based on negative binomial regression of 2 nd level clustering data. For each population, genes whose population-specific expression coefficient exceeded the Baseline coefficient (left column) or all other populations-specific coefficients (right column) with 95% posterior probability and which show the largest gap to the Baseline / the second highest population (difference between the 25 th percentile of the populationspecific coefficient and the 75 th percentile of the Baseline / the second highest population) are listed.
(Supplied as Excel file: Joost Table S2 .xlsx) A THBS1-positive subpopulation of the IFE has not been previously described. This population is not congruent with the Ivl+ population or Lgr6+ population described by Mascré et al., 2012 and Füllgrabe et al., 2015 .
Interfollicular basal II (IFE B II)
IFE basal cell population marked by absence of Thbs1 and lower than average expression of IFE basal genes such as Krt14, Mt1, Mt2 . IFE B II cells are interspersed with IFE B I cells in the IFE basal layer.
A distinct THBS1-negative subpopulation of the IFE has not been previously described. This population is not congruent with the Ivl+ population or Lgr6+ population described by Mascré et al., 2012 and Füllgrabe et al., 2015 .
Infundibular basal (INFU B)
A population of cells dominated by typical IFE basal markers such as Krt14, Mt1 and Mt2, which additionally expresses pan and upper HF markers such as Sostdc1, Aqp3, Postn and Krt79. Located in the infundibular region close to the HF opening. The specific spatial position of this population is clearly identifiable by Postn expression.
While it has been shown that pan HF markers such as Sostdc1 reach into the infundibular region (Collette et al., 2013) , the particularly IFE basal character of this population in combination with low-level gradual expression of HF genes has not been clarified before.
IFE differentiated cells I (IFE D I)
Transient population of cells marked by low level expression of both (IFE) basal (Krt14, Mt2) and (IFE) suprabasal (Krt10, Sbsn) markers. Expresses Mt4 as one of a few specific markers.
Although the existence of this basal-to-suprabasal transient population is expected according to the accepted model of epidermal differentiation, it has never been resolved at a transcriptional level.
IFE differentiated cells II (IFE D II)
Mature, suprabasal population expressing high levels of well-established spinous layer markers such as Krt10 and Sbsn.
The cells of the spinous layer are well described and characterized. See for instance Fuchs, 1990 .
IFE keratinized layer I (IFE K I)
A transient population of cells which is marked by decreasing levels of spinous layer markers such as Krt10 and Sbsn (when compared to IFE D II) and increasing levels of granular layer markers including Lor and Flg2.
Although the existence of this suprabasal/spinous-toterminal/granular transient population is expected according to the accepted model of epidermal differentiation, it has never been resolved at a transcriptional level.
IFE keratinized layer II (IFE K II)
A population of flat, keratinized cells expressing high levels of well-established granular layer markers such as Lor and Flg2.
The cells of the granular layer are well described and characterized. See for instance Fuchs, 1990 .
Upper HF I (uHF I)
A population of cells marked by a typical uHF signature (Krt79, Krt17, Cd44) in combination with expression of a gene module distinguished by high Rbp1, Defb6 and Cst6 expression. Additionally epidermis-and compartment-unique markers such as Klk10 and Cryab are expressed. Could be mapped to two rings of suprabasal cells above and below the SG opening based on highest CST6 expression. Accordingly, KLK10 is mostly found secreted into the hair canal at the corresponding positions.
Has not been previously described in molecular detail.
Although Zeeuwen et al., 2002 and Veniaminova et al. 2013 described CST6 expression in the upper HF, they were unable to differentiate a set of uHF populations with strong CST6 expression and a set of uHF populations with weak or absent CST6 expression or subdivide those populations further. It is not clear whether this population contains cells of BLIMP1 / Prdm1 population described by Horsley et al., 2006 .
Upper HF II (uHF II)
A population of cells marked by a typical uHF signature (Krt79, Krt17, Cd44) in combination with high expression of a gene module distinguished by high Rbp1, Defb6 and Cst6 expression. This population is additionally distinguished by a Krt14 / Lrig1 signature while the Krt5 / Ptn module is absent. Can be mapped to the SG opening based on the location of highest Defb6 expression in the epidermis. Additionally, the absence of Krt5 / Ptn expression in the population does not allow its location in the basal layer of the upper HF / junctional zone while the presence of Krt14 argues against suprabasal localization (e.g. adjacent to uHF I).
Has not been previously described. Although it has been shown previously that Lrig1+ cells are located in different compartments of the skin including the uHF and the SG (Page et al., 2013) , and KRT79 and CST6 are expressed in the uHF (Veniaminova et al., 2013; Zeeuwen et al., 2002) , these populations were never dissected on a molecular / transcriptional level.
Upper HF III (uHF III)
Marked by an uHF signature (Krt79, Krt17, Cd44) and a Krt14 / Lrig1 module. 
Upper HF IV (uHF IV)
This population expressed low levels of uHF markers (Krt79, Krt17, Cd44) in combination with both a Krt14 / Lrig1 and a Krt5 / Ptn basal signature. Its low level expression of Krt79 and Krt17, which could both be found expressed in small numbers in the basal layer of the uHF and SG, and its positivity for both Krt14 and Krt5 (which excludes the basal cells of the SG) linked this population to the basal layer of the uHF including isthmus.
See uHF II. This population most likely corresponds to the main population of Lrig1+ cells described by Jensen et al., 2009 and Page et al., 2013 .
Upper HF V (uHF V)
A population with a strong uHF signature (Krt79, Krt17, Cd44), a fading basal signature (Krt14 / Lrig1 / Krt5 / Ptn) and low-level expression of suprabasal markers such as Krt10 / Sbsn. Most likely contains cells during their transition from uHF basal (uHF IV) to uHF suprabasal (uHF VI).
Differentiation in the uHF and the presence of cells expressing both uHF markers (e.g. Krt79, Krt17) and spinous cell (Krt10, Sbsn) or granular cell markers (Lor, Flg2) has been previously described (e.g. by Veniaminova et al., 2013) Upper HF VI (uHF VI)
Cells distinguished by an uHF signature (Krt79, Krt17, Cd44) in combination with a high expression of suprabasal markers (Krt10 / Sbsn). Located in the 2 nd cell layer of the uHF excluding the suprabasal cells which express a Cst6 / Defb6 / Rbp1 signature.
See uHF IV.
Upper HF VII (uHF VII)
Cells distinguished by an uHF signature (Krt79, Krt17, Cd44) in combination with a high expression of terminal markers (Lor / Flg2). Could be mapped to a 3 rd layer of flat, keratinized cells which line the hair canal in the upper HF.
Sebaceous gland (SG)
A population of cells, which is very distinct from all other keratinocyte populations, and distinguished by a large signature of genes mainly involved in lipid metabolism.
Marked by well-established SG markers such as Scd1. MGST1 staining and a relative large heterogeneity in cell size suggested that this population includes both cells from the proximal basal layer of the SG and the inner parts of the gland.
Well described.
Outer bulge I (OB I)
A cell population, which is dominated by an outer bulge signature (Postn, Cd34) . In contrast to OB II, it expressed slightly higher levels of Lgr5, Krt24, lower levels of Cd34 and contained more Gli1 expressing cells. This suggests that the cells of this population tend to be located more proximally than the cells of OB II. Furthermore, OB I cells are limited to the bulge and the cell layer between club hair and bulge.
Lgr5 hi cells located in the proximal bulge area including the hair germ are well established (Jaks et al., 2008) . Most intriguingly, our single-cell transcriptional data indicate that the differences between the proximal and distal bulge populations are small and that the transition between both populations is "fluid".
Outer bulge II (OB II)
The counterpart to OB I. The cells are likely to be located more distally in the outer bulge than the cells of OB I. Cells are spread over the bulge, the cell layer between club hair and bulge as well as the club hair.
See OB I.
Outer bulge III (OB III)
A population, which, in addition to a pan outer bulge signature (Cd34, Postn), was negative for more proximal outer bulge markers (Lgr5, Krt24) and instead expressed a unique signature including Aspn and Nrep. The expression of Gli1, Lgr6 and Krt17 and the low levels of Krt15 link these cells to a particular position at the upper edge of the outer bulge region.
Most likely corresponding to the Gli1+ population in the isthmus described by Brownell et al. 2011 .
Outer bulge IV (OB IV)
Transient population of cells, which expressed both outer bulge (Cd34, Postn) and upper HF (Krt79 / Krt17) markers. Located at the interface of bulge and upper HF compartment distal of OB III and proximal of uHF IV. Interestingly, a subset of cells co-expressed Lgr6.
Although spatially congruent with the isthmus Lgr6+ population (Snippert et al., 2010), not previously described as a transient population exhibiting both outer bulge and uHF features.
Outer bulge V (OB V)
Outer bulge population (Postn, Cd34) additionally expressing differentiation markers including Krt10 and Sbsn, that could be linked to a group of suprabasal cells at the level of OB III and OB IV. 
Inner bulge I (IB I)
Population of cells that are solely distinguished by an inner bulge signature (Krt6a, Krt75, Timp3, Fgf18) . Represent most of the cells located in the inner bulge.
Well-described epidermal population (Hsu et al., 2011) .
Inner bulge II (IB II)
Cells, which expressed an outer bulge signature (Postn, Cd34) in combination with an inner bulge signature (Krt6a, Krt75, Timp3, Fgf18) . This population could be mapped to a group of basal, KRT6 hi and Postn+ cells in the outer bulge region.
The separation of the club hair bulge into two populations has not been previously described.
Inner bulge III (IB III)
Cells expressing both an inner bulge signature (Krt6a, Krt75, Timp3, Fgf18) and differentiation markers. Could be located in the upper edge of the inner bulge.
Not previously described.
T cells (TC)
Population of immune cells. Their specific gene expression (Cd3g, Cd3d) distinguished them as γδ T cells.
Langerhans cells (LH)
Immune cells that expressed typical Langerhans cell markers (Cd207, Cd74). Well described. 
B. Previously defined murine epidermal (stem) cell populations

Spinous layer cells (Miscellaneous)
Cells that show a spinous layer signature could be found in the IFE (IFE DII), the upper HF (uHF VI), the outer bulge (OB V) and the inner bulge compartment (IB III).
Granular layer cells (Miscellaneous)
Cells distinguished by a granular layer signature are present in the IFE (IFE K I and II) and the upper HF compartment (uHF VII).
Lrig1+ cells located in the upper HF (Jensen et al., 2009 , Page et al., 2013 Lrig1 was expressed in a variety of populations primarily located in the upper HF and SG including uHF I, uHF II, uHF III, and uHF IV. Although most highly expressed in the basal layer, Lrig1 molecules were also sporadically detected in differentiated uHF cells. Furthermore, low-level sporadic Lrig1 expression was found in the IFE basal layer and cells of the outer bulge. (Nijhof, 2006) Expression of MTS24 (1600029D21Rik) could be detected in all populations of the upper HF and in terminally differentiated cells of the IFE. In the upper HF, 1600029D21Rik expression peaked in the terminally differentiated populations (uHF VI and uHF VII) and in the Defb6 hi /Cst6 hi populations uHF I / uHF II.
Mts24+ cells located in the isthmus
Lgr6+ cells located in the isthmus and IFE (Snippert et al., 2010 , Füllgrabe et al., 2015 Lgr6 was expressed only sporadically over the whole dataset. The highest Lgr6 expression was found in the Gli1+ cells of the outer bulge (OB III). Lgr6 expressing cells were also found in the outer bulge / upper HF transitional population OB IV and the upper HF basal population uHF IV. A distinct Lgr6 hi isthmus (sub) population could not be resolved. Neither was it possible to clearly demarcate Lgr6+ and Lgr6-populations in the IFE basal layer.
Gli1+ cells in the upper bulge (Brownell et al., 2011) Could be identified (OB III) as cells with an outer bulge signature and a unique set of co-expressed genes (Gli1, Aspn, Nrep).
Krt15+ / Cd34+ mid bulge cells (Cotsarelis et al., 1990 , Morris et al., 2004 CD34 is the most prominent marker of the bulge and in our dataset we confirmed Cd34 as a pan outer bulge marker found in all outer bulge populations. Cells of the mid bulge (CD34+ / Lgr5-) were most likely included in OB I, and OB II. However, it was not possible to clearly delineate the CD34+ / Lgr5+ and CD34+ / Lgr5-populations by unsupervised clustering of our data.
Krt15+ / Cd34+ / Lgr5+ lower bulge cells (Jaks et al., 2008) See above.
P-cadherin+ cells of the hair germ (Greco et al., 2009) Although some P-cadherin (Cdh3)-expressing cells could be found in OB I, OB II and OB III, it was not possible to resolve those cells as a distinct population.
Suprabasal Cd34+ / Itga6-cells (Blanpain et al., 2004) Most likely represented by the population of cells with both an outer bulge and a spinous layer signature (OB V).
Egfl6+ bulge population which provides attachment to the arrector pili muscle (Fujiwara et al., 2011) Egfl6 is expressed consistently over all outer bulge populations and sporadically in the IFE. No distinct Egfl6 hi population could be resolved.
Krt6+ inner bulge cells (Miscellaneous)
Inner bulge cells formed a highly distinct 1 st level cluster (Krt6+) which could be further divided into three subpopulations (IB I -III) Table S4 . Differentiation-related genes. Related to Figure 3 .
List of significantly pseudotime-dependent genes. Genes are grouped according to clustering shown in Figure 3C . Within each cluster, genes are ordered from lowest to highest p-value. List of significantly pseudospace-dependent genes. Genes are grouped according to clustering shown in Figure 4C . Within each cluster, genes are ordered from lowest to highest p-value. Table S6 . Marker genes -Stem cell analysis. Related to Figure 6 .
I
Lists of genes that are most highly expressed over Baseline (vs. Baseline, left column) or the second highest population (vs. other groups, right column). Identification of genes is based on negative binomial regression of stem/progenitor marker expressing populations. In the case of Lgr5, Cd34, Gli1, Lgr6, Lrig1 and Krt14 expressing cells, each population was compared to either a shared Baseline or all other populations. For each population, genes whose population-specific expression coefficient exceeded the Baseline coefficient (left column) or all other populations-specific coefficients (right column) with 95% posterior probability and which show the largest gap to the Baseline / the second highest population (difference between the 25 th percentile of the population-specific coefficient and the 75 th percentile of the Baseline / the second highest population) are listed. The SCM+ basal cells were compared to SCM− basal cells or a Baseline shared by both populations. Genes which exceeded the Baseline coefficient (left column) or the SCM− basal cell coefficient (right column) with 90% posterior probability and which show the largest gap to the Baseline / the SCM− basal cells (difference between the 25 th percentile of the population-specific coefficient and the 75 th percentile of the Baseline / the SCM− basal cells) are listed.
(Supplied as Excel file: Joost Table S6 .xlsx) Listed are the markers used for the validation and localization of the defined cell populations, the respective number of mice and analyzed images, and the corresponding figures in the manuscript.
